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ABSTRACT OF THE DISCLOSURE . 

.w-Cyanoper?uoroalkanoyl halides are prepared in high 
yield by reacting polyhaloalkyl w-cyanoper?uoroalkano 
ates in the presence of a Lewis acid. w-Cyanoper?uoro— 
'ialkanoyl ?uorides, bromides and iodides are also claimed. 
The products are useful intermediates in the ‘preparation 
of per?uoroalkylenetriazine polymers. ' " - 

'- This invention relates to a new process for ‘preparing 
compositions of matter classi?ed as w-cyanoper?uoroal 
'kanoyl chlorides, and to w-cyanoper?uoroalkanoyl ?uo 
rides, bromides and iodides, as new compositions 'of 
matter. 

In Ser. No. 573,195, ?led Aug. 18, 1966, now US. 
3,349,105 the w-cyanoper?uoroalkanoyl chloride com 
pounds produced by the process of the present invention 
are disclosed and claimed by C. I. Verbanic. The method 
used by Verbanic in producing the chloric compounds' 
however, under some circumstances, produces ‘the com 
pounds in‘ relatively low yields with other products which 
may or may not be of practical use. A different process 
was therefore sought, which is the. subject of this inven 
tion. The discovered process of this invention is also dis- ' 
closed’ as Example 14 in the said Ser. No. 573,195/ 66. 

In accordance with the present invention, w-cyanoper 
?uoroalkanoyl halides of the formula 

and X is selected from chlorine, bromine, ?uorine and 
iodine, wherein‘a is from lto 12, are formed when poly 
haloalkyl w-cyanoper?uoroalkanoates and polyhaloaralkyl 
w-cyanoper?uoroalkanoates of the formula 
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where a is as de?ned above and R is selected from poly- ) 
haloalkyl and polyhaloaralkyl of 1 to 25 carbon ‘atoms 
with at least two hydrogen "atoms on the carbon atom ad 
jacent. to the oxygen of the oxycarbonyl group, are de 
composed in the presence of a Lewis acid, and the prod 
uct is recovered preferably by distillation. Halogen R is 
chosen from chlorine and fluorine. . 
.The catalyst which have been found to be especially 

effective are Lewis acids which are selected from the group 
consisting of ferric chloride, antimony pentachloride, zir 
conium tetrachloride, and zinc chloride. Other Lewis acids, 
aluminum chloride and titanium tetrachloride, have been 
tested for catalytic activity for this reaction but have a 
much lower order of activity. Still other Lewis acids such 
as boron tri?uorid‘e, boron trichloride, molybdenumpenta 
chloride, tin chlorides‘ and metal chlorides, ?uorides, bro 
mides and iodides such as zirconium ‘tetraiodide' and 
antimony bromide may have more or less activity for the 
catalysis of this reaction. ‘ _ 

Sodium ?uoridevis‘not a Lewis acid and has relatively 
little catalytic activity for the process of this invention. 
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2 
Lewis acids of the metal halides of ?uorine, bromine 

and iodine may be used in greater than catalytic amounts 
to convert the polyhaloalkyl w-cyanoper?uoroalkanoates 
and polyhaloaralkyl w-cyanoper?uoroalkanoates to the 
corresponding w-cyanoper?uoroalkanoyl ?uorides, bro 
mides and iodides in situ, that is, in one operational step, 
thus avoiding the recovery of w-cyanoper?uoroalkanoyl 
chlorides as a separate step. The w-cyanoper?uoroalkanoyl 
halides may also be prepared in situ in one operational step 
by treating the polyhaloalkyl w-cyanoper?uoroalkanoates 
and polyhaloaralkyl w-cyanoper?uoroalkanoates with a 
mixture of Lewis acid in catalytic amount, and excess 
metal halide where the halogen is selected from ?uorine, 
bromine and iodine, and the metal is chosen from Groups 
I, II, III, IV, V, VI!) and VIII of the Periodic Table. 

In the absence of a catalyst, the lower-boiling species 
of polyhaloalkyl w-cyanoper?uoroalkanoates and poly 
haloaralkyl w-cyanoper?uoroalkanoates are distilled over 
head rather than converted to the acid chlorides under the 
conditions of our process. I 

A catalytic amount of the Lewis acid is to be used, 
preferably between about 1.0 to about 1-5 percent by 
weight. 

In the above statement of the invention R is polyhalo 
alkyl or polyhaloaralkyl of from 1 to 25 carbon atoms 
‘with at least two halogen atoms on the carbon atom ad— 
jacent to the oxygen in the oxycarbonyl group. Illustra 
tive of such groups are: 
trichloromethyl, 
dichloromethyl, 
polychloroethyl, 
pentachloroethyl, 
tetrachloroethyl, 
dichlorotri?uoroethyl, and 
dichlorobenzyl, and the like. 

Thus, where R is trichloromethyl and x is 3, then the 
starting material is trichloromethyl w-cyanoper?uoro 
butyrate; when x is 2, trichloromethyl w-cyanoper?uoro 
propionate; when x is 6, trichloromethyl w-cyanoper 
?uoroheptanoate, and when x is 8, trichloromethyl w 
cyanoper?uorononanoate. Also, when R is tetrachloro 
ethyl and x is 3, then the starting material is tetrachloro 
ethyl w-cyanoper?uorobutyrate, and when x is 6, tetra 
chloroethyl w-cyanoper?uoropheptanoate, etc. 
A preferred R group is trichloromethyl which is eco 

nomical to prepare and which gives “carbonyl chloride as‘ 
a by-product. Higher molecular weight groups such as 
dichloroper?uoroalkyl groups of 6 to 14 carbon atoms 
would also be desirable in the synthesis of lower members 
of the series for these ‘would give by-product acid chlo 
rides which would be easily separated by distillation. 
The polyhaloalkyl w-cyanoper?uoroalkanoate and poly 

haloaralkyl w-cyanoper?uoroalkanoate starting materials 
for the process of this invention are prepared by photo 
chlorination of the corresponding alkyl w-cyanoper?uoro 
alkanoates and aralkyl w-cyanoper?uoroalkanoates, de 
scribed in copending application Ser. No. 661,180 ?led 
Aug. 17, 1967. 
The corresponding alkyl w-cyanoper?uoroalkanoates and 

aralkyl 'w-cyanoper?uoroalkanoates are produced by treat 
ment with P205 of the corresponding per?uoroalkylene 
amidate in accordance with Equation 1: 
(1)‘ l? 

C—NH2 CN 
/ / 

(CFQ: + P205 ———> (CF2): 

(“10Rl \CORl 
0 l 

where R1 is alkyl or aralkyl of 1 to 25 carbon atoms, 
and x is as de?ned above. This is described in copending 
application Ser. No. 661,241, ?led Aug. 17, 1967. 
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The amidate is produced either by (a) treatment with 
ammonia of a per?uorinated dicar-boxylic acid ester of the 
formula 

it 
o 0 R1 

/ 
(C F2) x 

IC 0 R1 
(l 

where x and R1 are as de?ned above, or (b) by treatment 
with an alcohol of the imide of the per?uorodicarboxylic 
acid, in accordance with Equation II: 

(II) 0 (H) 

g /CNIIZ 
(C F5; \NH + RIOII ————-) (C192): 

\ CORl 

0 0 

where x and R1 are de?ned as above. This is described in 
copending application Ser. No. 661,240, ?led Aug. 17, 
1967. The diesters and imides are known compositions. 
An example of a dialkyl per?uoroalkylene dicarboxylic 
is dimethyl per?uoroglutarate which was prepared by A. 
L. Henne and W. J. Zimmerscheid, I. Am. Chem. Soc., 
67, 1235 (1945). Another example is dimethyl per?uoro 
sebacate which was prepared ‘by treatment of per?uoro 
sebacoyl chloride with methanol, and recovering the 
diester by vacuum distillation: B.P. 120-122 at 4 mm. 
Per?uorosebacoyl chloride, B.P. 115—7 at 36 mm., was 
prepared from the acid in 86% yield using a fourfold 
quantity of thionyl chloride, ethyl acetate as solvent, and 
a catalytic amount of pyridine. Per?uorosebacic acid 
and per?uorotetradecanedioic acid are known compounds 
described by I. L. Knunyants et al., Proc. Acad. Sci. 
U.S.S.R., 129, 328 (1959) and I. L. Knunyants and M. 
N. Krasuskaya, Bull. Acad. Sci. U.S.S.R., 1963, 190. Di 
propyl per?uorosebacate was prepared from per?uoro 
sebacic acid, n-propyl alcohol and a catalytic amount of 
sulfuric acid. The ‘by-product water of reaction was re— 
moved by distillation of the propyl alcohol-water azeo 
tropic mixture. The dipropyl per?uorosebacate had a 
boiling point of 125—128° centigrade at 5 millimeters of 
mercury pressure (absolute). Diethyl di?uoromalonate or 
dimethyl di?uoromalonate may be produced by the method 
of C. E. Inman, R. E. Oesterling, and E. S. Tyczkowski, 
J. Am. Chem. Soc., 80, 6533-5 (1958). Per?uoropimelic 
acid, per?uoroazelaic acid and per?uorononanedioic acid 
may be made by electrolytic ?uorination of the corre 
sponding hydrocarbon acids ‘by the method of Guenther, 
U.S. Pat. 2,606,206, which gave per?uorosebacic acid. The 
esters of these acids can be made by the procedures used 
for the preparation of the per?uorosebacic acid esters de 
scribed above. Examples of imides are per?uorosuccin 
imide and per?uoroglutarimide, which were prepared by 
the method of A. L. Henne and W. F. Zimmer, J. Am. 
Chem. Soc., 73, 1103 (1951). Other homolgous per?uoro 
alkanedioic acid imides may be prepared by this process 
when the corresponding per?uoroalkanedioic acid amides 
are used as starting materials. 
The reaction is carried out at relatively low temperature 

of between about 100 degrees Centigrade to about 200 de 
grees centigrade, with a preferred range being between 
about 140 and about 180 degrees centigrade. Above about 
200 degrees centigrade side reactions involving the nitrile 
group may occur. Below about 100 degrees Centigrade the 
reaction is relatively slow. 

In the absence of a catalyst the reaction is too slow and 
the result is to distill the more volatile polyhaloalkyl 
w-cyanoper?uoroalkanoates, rather than decompose them 
to the corresponding acid chlorides. 
The reaction of this invention can be conducted under 

atmospheric pressure. However, pressures above and be 
low atmospheric pressure may also be used. 
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Where the product is recovered from the reaction mix 
ture by distillation, the pressure to be used depends on 
the boiling point of the product. That is, where the atmos 
pheric boiling point of the product is above the reaction 
temperature range, then vacuum may be applied in order 
to recover the product at a lower temperature. 
A crude product may be distilled over and then further 

puri?ed such as by redistillation. 
Anhydrous conditions are to be maintained during the 

reaction to avoid formation of thehydrolysis products of 
the polyhaloalkyl w-cyanoper?uoroalkanoates and of the 
w-cyanoper?uoroalkanoyl chlorides. ' 
An inert solvent may be used which may lower the 

reaction temperature; however, it is not necessary. 
The process of this invention not only includes recovery 

of the product as the acid chloride, but also embraces the 
corresponding acid ?uorides, acid bromides and acid io 
dldes, which can be produced by a subsequent halogen 
exchange reaction using metal halides where the halogen 
is selected from bromine, ?uorine and iodine, and the 
metal is chosen from Groups I, II, III, IV, V, VIb and 
VIII of the Periodic Table. Examples of such metal salts 
are potassium hydrogen ?uoride (KHFZ), potassium ?uo 
ride, calcium bromide, aluminum bromide, silicon bro 
mide, zirconium tetraiodide, antimony bromide, molyb 
denum hexa?uoride, ferric bromide, ferric iodide and the 
like. ‘ 

Thus the compositions claimed by this invention are 
de?ned by the formula: 

where a is from 1 to 12 and X1 is selected from ?uorine, 
bromine and iodine. A preferred subclass of compound in 
this class of compounds is where X1 is ?uorine. 
The cyanoper?uoroalkanoyl chlorides may be used to 

prepare the corresponding cyanoper?uoroalkanoyl fluo 
rides, cyanoper?uoroalkanoyl bromides, and cyanoper?uo 
roalkanoyl iodides. Thus, it has been found that when the 
acid chloride is heated and stirred with potassium bi?uo 
ride, the acid ?uoride is formed and may be recovered by 
fractional distillation. A polar solvent and other metal 
?uorides may also be used for the halogen exchange 
reaction. 
To make the acid bromides and acid iodides a similar 

halogen exchange reaction may be used which employs 
bromide and iodide salts and the cyanoper?uoroalkanoyl 
chloride. The cyanoper?uoroalkanoyl iodides may be pre 
pared by heating the acid chloride with anhydrous cal 
cium iodide. The cyanoper?uoroalkanoyl bromides may 
be prepared by heating the acid chloride with excess ?nely 
divided anhydrous calcium bromide. 
The cyanoper?uoroalkanoyl ?uorides are useful as in 

termediates for photodecomposition reactions where ul 
traviolet radiation below 2400 Angstrom units is used, 
which would give per?uoroalkane dinitriles. The cyano 
per?uoroalkanoyl chlorides, bromides, and iodides would 
give a larger amount of the corresponding cyanoper?uo 
roalkyl chlorides, bromides, and iodides, and substantial 
ly less of the per?uoroalkane dinitriles. This may be due 
to the more facile cleavage of the carbon-chlorine, car 
bon-bromine, and carbon-iodine chemical bond by photo 
activation as compared to that of the carbon-?uorine 
bond. -' 

Thus, compounds produced by the process of. this in 
vention are: 

cyanodi?uoroacetyl chloride, when x=1 
w-cyanotetra?uoropropionyl chloride, when x=2 
w-cyanohexa?uorobutryl chloride, when x=3 
w-cyanoocta?uorovaleryl chloride, when x=4 
w-cyanodeca?uorohexanoyl chloride, when x=5 
w-cyanododeca?uoroheptanoyl chloride, when x:6 
w-cyanotetradeca?uorooctanoyl chloride, when x=7 
w-cyanohexadeca?uorononanoyl chloride, when x=8 
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w'-cyanooctadeca?uorodecanoyl chloride, when x=9 ' 
w-cyanoper?uoroundecanoyl chloride, when x=10 
‘w-cyanoper?uorododecanoyl chloride, when x=ll 
w-cyanoper?uorotridecanoyl chloride,when x=12 
w-cyanohexa?uorobutryl ?uoride, when x=3 
w-cyanohexafluorobutyryl bromide, when x=3 
tq-cyanoocta?uorovaleryl bromide, when x=4 
d-eyanohexa?uorobutryl iodide, when x=3 
w-cyanoocta?uorovaleryl iodide, when x=4 
a~cyanodi?uoroacetyl ?uoride, when x'=l 
w-cyanotetra?uoropropionyl ?uoride, when x=2 
w-cyanoocta?uorovaleryl ?uoride, when x=4 
w-cyanodeca?uorohexanonyl ?uoride, whenx=5 
ai-cyanododeca?uoroheptanoyl ?uoride, when x=6 
iii-cyariotetradec'a?uorooctanoyl ?uoride, when x=7 
q-cyvanohexadeca?uorononanoyl ?uoride, when x=8 
iq-lcyanooctadeca?uorodecanoyl ?uoride, when x=9_ 
qa-‘cyano?uoroundecanoyl ?uoride, when x: 10 
w_-c_yanoper?uorododecanoyl ?uoride, when x: 11 
4v;cyan'oper?uorotridecanoyl ?uoride, when x=12 
and-the like. ‘ . ' ' ‘ ‘ 

By this process, at the same'time a second product is 
also prepared such as phosgene when R is trichloromethyl. 
The cyanoper?uoroalkanoyl halides produced by the 

process of this invention are useful in the preparation of 
per?uoroalkylenetriazine polymers, such as those disclosed 
in copendingapplication-Ser. No. 533,430, ?led Mar. 11, 
1966. These‘polymers' are thermally stable and resistant 
to some solvents, while being'soluble‘in other solvents, 
such :as "alkyl" acetates, alkyl per?uoroalkanoates, and 
?u'orin'ated solvents such as ?uorinated xylenes- and ?uo 

rine—containing triazines. ‘ ' ' ' " ' ' ' The cyanope‘r?uoroalkanoyl halides may also be treated 

with ‘pe'r?u'or'inated carboxylic acids to evolve hydrogen 
halides "and to “produce mixed per?uorinated carboxylic 
a'nhydrides.v These mixed anhydrides may also be used 
to prepare per?uoroalkylenetriazine polymers of applica 
tion ~Ser. No..-533,430 andthus represent an economical 
method of recovering the by-product acids which are 
formed in the polymerization process of application Ser. 
No. 533,430. illustrative-‘mixed anhydrides of this .type 
are th'e'following: ' ' 

and 

nowrnnliotliogry ,' 
- invention is further illustratedin examples below, 
wherein temperatures‘ are in-degrees centigrade and parts 
are'by weight. . '- 5 ~ . ~ 

"I ' - ' ‘EXAMPLE 1 

‘ 'w-Cyanoper?uorononanoyl chloride 7 v 

Trichl'oryomethyl w ,- cyanoper?uorononanoate. (25.1 
grams), and ferric chloride (3 grams) wereheated‘in a 
distilling apparatus to 140 degrees centigrade in 2 hours, 
andv then to 16.0.degrees centigrade in 1.5 hours. A vac 
uum (52 millimeters-mercury) was then applied and the 
distillate was collected in cuts: .Cut 1,- 15.6 grams, boiling 
point 99-102 degrees centigrade, 89.5 percent pure by 
gas liquid chromatographic analysis; and Cut 2, 3.0 grams, 
boilingupoint. 102-1l-0 degrees centigrade, 92.2 percent 
pure by- gas liquid chromatographic analysis. _ ' . -* 

Analysis-‘Calculated for CmClwNO (percent) :_ C, 
24.53; F, 62.10; N,2.86..Found (percent): .C, 24.72; H, 
0.00;\N,-3;10; yield 79%. . . 

The. infrared spectrum, was characteristic ,for- nitrile 
and acid chloride with bands at 2250 and 1800 reciprocal 
centimeters, respectively. _ 

In a similar manner, ‘by ‘substituting trichloromethyl 
w-cyanododeca?uoroheptanoate‘ (20.8 grams) for the tri 
chloromethyl w-cyanohexadeca?uorononanoate used ‘in 
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the above reaction. w-cyanododeca?uoroheptanoyl chlo 
ride is obtained. . 

-In a similar manner, by substituting trichloromethyl 
w-cyanoocta?uoropentanoate (16.5 grams) for the trichlo 
romethyl w-cyanohexadeca?uorononanoate used in the 
above reaction, w-cyanoocta?uoropentanoyl chloride can 
be obtained. 

EXAMPLE 2 ' 

w-Cyanoper?uorobutryl chloride 
Trichloromethyl w-cyanoper?uorobutyrate, (577 parts), 

and ferric chloride (10.5 parts), were heated in vdistilla 
tion equipment at 120 to 140 degrees centigrade. Car 
bonyl chloride and w-cyanoper?uorobutryl chloride (300 
parts) were collected. The crude product was fractionated 
using a helix-packed column to yield w-cyanoper?uoro 
butryl chloride (264 parts), with a boiling point of 74 
75.5 degrees centrigrade. 
Analysis.—Calculated for C5ClF6NO (percent): C, 

25.07; Cl, 14.80; F, 47.60; N, 5.85. Found (percent):v C, 
25.15; H, 0.00; N, 5.58. 
The infrared spectrum was identical with that obtained 

from a sample which was made by the reaction of per 
?uoroglutaramide with benzoyl chloride which is described 
in the said Verbanic patent application. _ . 

In a similar manner, by substituting trichloromethyl 
w-cyanotetra?uoropropionate (492 grams) for the trichlo 
romethyl w-cyanoper?uorobutyrate used in Example‘2, 
w-cyanotetra?uoropropionyl chloride can be obtained. 

In a similar manner, by substituting trichloromethyl 
w-cyanodi?uoroacetate (406 grams) for the trichloro-' 
methyl w-cyanoper?uorobutyrate used in Example 2, cy 
tanodi?uoracetyl chloride can be obtained. 

- EXAMPLE 3 

w-Cyanoper?uorobutyryl chloride from dichloromethyl 
w-cyanoper?uorobutyrate 

Dichloromethyl w-cyanoper?uorobutyrate, boiling point 
70 degrees centigrade at 50 millimeters of mercury pres 
sure, was obtained by photochlorination of methyl 0.: 
cyanoper?uorobutyrate in accordance with Example 2. 
Chlorine analysis: 22.9%. Theory: 23.5%. Heating of 
the dichloromethyl ester (70 parts), with ferric chloride 
(2.5 parts), at 170 degrees centigrade gave distillate (37 
parts), of w-cyanoper?uorobutyryl chloride having 75% 
purity. .' ‘ ' 

EXAMPLE 4 

w-Cyanoper?uorobutyryl chloride-ferric chloride catalyst 
Trichl'oromethyl w-cyanoper?uorobutyrate' (22 parts), 

and ferric chloride (1 part),'were combinedina distilla 
tion apparatus and heated in any oil, bath at 150 degrees 
centigrade. w-‘Cyanoper?uorobutyryl chloride (11__parts), 
was collected in the distillate. A distillation residue of 3 
parts containing higher boiling materials was also ‘ob’ 
tained. ' 

‘Incomparison with Example ,10 belowit can be seen 
that ferric. chloride catalysis gives a much. higher yield 
of'w-cyanoper?uoroalkanoyl chloride and at a lower .re 
action temperature than anon-Lewis acid material such 
as sodium fluoride.‘ 

‘ EXAMPLE 5 . 

v w-Cyanoper?uorobutyryl chloride-aluminum chloride 
> ‘ 1, catalyst _ " ' ' j ‘i 'f "I 

Trichloromethyl w-cyanoper?uorobutyrate, (22. parts), 
and aluminum chloride ,(1 part-)Lwere. combined ina 
distillation apparatus and heated inxanv oil bath at 150 
degrees centigrade. 'A distillate (1.6 parts),_.,was obtained 
which contained 1%‘ of w-cyanoper?uorobutyryl chloride. 

‘ EXAMPLES ‘ " 

' w-cyanoper?uorobutyryl chlorideetitaniun'i chloride . p 
. catalyst ’ 

Trichloromethyl w-cyanoper?uorobutyrate (22 parts), 
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and titanium chloride (1 part), were combined in a 
distillation apparatus and heated in an oil bath at 180 
degrees centigrade. The distillate was 4.2 parts, contain 
ing 1% of w-cyanoper?uorobutyryl chloride but was 
essentially trichloromethyl w-cyanoper?uorobutyrate. 

EXAMPLE 7 

w-Cyanoper?uorobutyryl chloride-zinc chloride catalyst 
Trichloromethyl w-cyanoper?uorobutyrate (22 parts), 

and zinc chloride (1 part), were combined in a distilla 
tion apparatus and heated in an oil bath at 180 degrees 
centigrade. w-Cyanoper?uorobutyryl chloride (11.2 
parts), was collected in the distillate. 

EXAMPLE 8 

w-Cyanoper?uorobutyryl chloride-zirconium chloride 
catalyst 

Trichloromethyl w-cyanoper?uorobutyrate (22 parts), 
and zirconium chloride (1 part), were combined in a 
distillation apparatus and heated in an oil bath at 150 
to 178 degrees centigrade. The distillate was 7.6 parts 
containing 72% of w-cyanoper?uorobutyryl chloride. 

EXAMPLE 9 

w-Cyanoper?uorobutyryl chloride-antimony pentachloride 
catalyst 

Trichloromethyl w-cyanoper?uorobutyrate (22 parts), 
and antimony pentachloride (1 part), ‘were combined in 
a distillation apparatus and heated in an oil bath at 140 
to 150 degrees centigrade. w-Cyanoper?uorobutyryl chlo 
ride (9.2 parts), was obtained in the distillate. 

EXAMPLE 10 

w-Cyanoperlluorobutyryl chloride-sodium ?uoride catalyst 
Trichloromethyl w-cyanoper?uorobutyrate (10 parts), 

and sodium ?uoride (1 part), were combined in a dis 
tillation apparatus and heated in an oil bath. The tem 
perature of the bath was slowly increased but no reac 
tion occurred until the temperature reached 190 degrees 
centigrade. w-Cyanoper?uorobutyryl chloride (1.2 grams), 
was collected at a reaction temperature of 190 to 210 
degrees centigrade. 

EXAMPLE 11 

w-Cyanoper?uorobutyryl chloride from tetrachloroethyl 
w-cyanoper?uorobutyrates 

A mixture of tetrachloroethyl w-cyanoper?uorobutyr 
ates (40 parts), and ferric chloride (5 parts), were com 
bined in a distillation apparatus and heated in an oil 
bath at 150 to 180 degrees centigrade. The distillate 
(14 parts), contained 45% of w-cyanoper?uorobutyryl 
chloride. 
Preparation of polyhaloalkyl w-cyanoper?uoroalkanoate 

1 starting materials 

In accordance with Ser. No. 661,180, ?led Aug. 17, 
1967, the starting materials are prepared in the following 
illustrative manner. 

EXAMPLE 12 

Trichloromethyl w-cyanohexa?uorobutyrate 
Methyl 4-cyanoper?uorobutyrate, 39.0 grams, was 

treated with chlorine gas in a 3-necked round bottomed 
?ask with stirring at 50-70 degrees centigrade. Distilla 
tion at 26-34 degrees centigrade and 0.10 mm. mercury, 
gave 20.5 grams of distillate. 

Analysis.--Calculated for C5Cl3F6NO, l(percent): C, 
20.68; Cl, 30.53; N, 4.02. Found (percent): C, 21.47; 
Cl, 31.28; N, 4.28. 

‘In a similar manner, by substituting methyl w-cyano 
tetra?uoropropionate (30.7 grams) for the methyl w 
cyanoper?uorobutyrate used in the above reaction, tri~ 
chloromethyl w-cyanotetra?uoropropionate can be ob 
tained. 
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In a similar manner, by substituting methyl w-cyanodi 
?uoroacetate (22.4 grams) for the methyl w-cyanoper 
?uorobutyrate used in the above reaction, trichloromethyl 
w-cyanodi?uoroacetate can be obtained. 

Preparation of alkyl w-cyanoper?uoroalkanoate and 
aralkyl w-cyanoper?uoroalkanoate starting materials 
In accordance with Ser. No. 661,241, ?led Aug. 17, 

1967, the derivative starting materials are prepared in 
the following illustrative manner. 

EXAMPLE 13 

Methyl w-cyanohexadeca?uorononanoate 
A mixture of methyl per?uorosebacamidate (61 grams) 

and phosphorus pentoxide (185 grams) was heated in 
a bath maintained at about 200 degrees centigrade. After 
15 minutes the pressure was reduced to 35 millimeters 
mercury to permit distillation of the product. Distillate 
(50.5 grams) boiling at 111-113 degrees centigrade was 
collected during the next two hours. The distillate was 
redistilled at 35 millimeters to give a fraction (39 grams) 
boiling at 112 to 115 degrees centigrade. 

Analysis-Calculated for C11I-I3F16NOz (percent): 
C, 27.23; H, 0.62; N, 2.89. Found ,(percent): C, 27.14; 
H, 0.87; N, 2.91. 

In a similar manner, by substituting methyl per?uoro 
suberamidate (48.8 grams) for the methyl per?uoro 
sebacamidate used in the above reaction, methyl w-cy 
anododeca?uoroheptanoate can be obtained. 

In a similar manner, by substituting methyl per?uoro 
adipamidate (36.7 grams) for the methyl pert?-uoro 
sebacamidate used in the above reaction, methyl w-cy 
anoocta?uoropentanoate can be obtained. 

In a similar manner, by substituting n-propyl periluoro 
sebacamidate (64.4 grams) for the methyl per?uoro 
sebacamidate used in the above reaction, n-propyl w 
cyanohexadeca?uorononanoate can be obtained. 

Preparation of per?uoroamidate starting materials from 
diester 

In accordance with Ser. No. 661,240, ?led Aug. 17, 
1967, the derivative starting materials are prepared from 
the ‘diester in the following illustrative manner. 

EXAMPLE 14 ’ 

Methyl perfluorosebacamidate 

To dimethyl per?uorosebacate (252 grams, 0.48 mole), 
in methylene chloride (700 milliliters), was added am 
monia (5.8 grams, 0.34 mole), at between about 25 to 
about 29 degrees centigrade. The mixture was stirred for 
7 hours. Cooled methyl per?uorosebacamidate (110 
grams) was obtained at 100 degrees centigrade at 0.25 
millimeter mercury. This product was recrystallized from 
toluene which gave white crystals (61 grams) with a melt 
ing point of between 115 and 116 degrees centigrade. 

Analysis.—Calculated for C11H5F16NO3 (percent): C, 
26.26; H, 1.00; N, 2.78. Found (percent): C, 26.13; H, 
1.06; N, 2.84. 

In a similar manner by substituting dimethyl per?uoro 
suberate (201 ‘grams, 0.48 mole), for the dimethyl per 
?uorosebacate used in the above reaction, methyl per 
?uoroseberamidate can be obtained. 

In a similar manner, by substituting methyl di?uoro 
malonate (81 grams, 0.48 mole), for the dimethyl per 
?uorosebacate used in the above reaction, methyl di 
?uoromalonamidate can be obtained. 

In a similar manner, by substituting methyl per?uoro 
adipate (152.5 grams, 0.48 mole), for the dimethyl per 
?uorosebacate used in the above reaction, methyl per 
?uoroadipamidate can be obtained. 

Preparation of per?uoroamidate starting materials from 
the imide 

In accordance with Ser. No. 661,240, ?led Aug. 17, 
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1967, the derivative starting materials areprepared fro 
the imide in the following illustrativemannen-i‘ ‘ l = ..-::¢ 1 

EXAMPLE 1s . 

Methyl per?uoroglutaramidate " ' '1 ‘I 

Per?uoroglutarimide,(5 grams, 0.023 mole) .and-‘met-ha 
nol (0.79 gram, 0.0246 mole), were sealed in a..=t_ube and 
heatedto about 100 degrees.centigradeaInSO minufesithe 
reaction was almost complete as indicated by " infrared 
analysis. Heating was. continued_.rf,or, abou,t,.~y9Q-: minutes 
more to complete the reaction. A solid product- wastre; 
crystallized from toluene .anddried. It had a melting point 
of 45.0—45.5 degrees centigrade. _ , ._ _ . =1 

Analysis.—Calculated for‘ C6H5F6NO5 (percent): C, 
28.47; H, 1.99; N, 5.53. Found (percent): C,"28;40; H, 
1.99; N, 5.62. " -=~‘ ~ " 3' ' ' ~ 

‘ In a ‘similar manner; by ‘substituting per?uorostgccin 
imide (3.93 grams, 0.023-vmolel), fori‘the 'per?uoroglu'tar 
imide used in the above grreactiionarnethyl per?uorosuccin 
amidate can be obtained. ' 

EXAMPLE 1'6 
Preparation of 4-cyanoper?ubrobutyryl?uo'ridel , a 

A mixture of 4-cyanoper?uorobutyryl chloride (,(49 
grams, 0.204 mole), and anhydrous KHF2"('17 grams; 
0.218 mole), was heated with ‘stirring-under nitrogen to 
118 degrees centigrade. w-Cyanohexa?uorobutyryl ‘.y?uo 
ride distilled from the ‘mixture as it was formed, and 25 
grams were isolated with a boiling point offl?-45-rde'grees 
centigrade“, in a 54.7 percent yield. ' ' 

In a similar manner, by substituting w-cyanoper?uoro 
valeryl chloride (59.2 grams) for the w-cyanoper?l'ioro 
butyryl chloride used in the above reaction, w-cyanoper 
?uorovale'ryl ?uoride can be obtained. '1‘ 

In a similar manner, by substituting w-cyanoper?uoro 
heptanoyl chloride (79.5 grams) for the w-cyanoper?uoro 
butyryl chloride used in the above reaction, w-cyanoper 
?uoroheptanoyl ?uoride can be obtained. ,1’ 

In a similar manner, by substituting w-cyanoper?upro 
nonanoyl chloride (100 grams) for the w-cyanoper?upro 
butyryl chloride used in the above reaction, w-cyanoper 
?uorononanoyl ?uoride can be obtained. ‘ 

In the manner after Example 16 where the acid bro 
mide is desired, 4-cyanoper?uorobutyryl chloride is treated 
with excess ?nely divided, anhydrous calcium bromide 
and the 4-cyanoper?uorobutyryl bromide is recoverediby 
distillation. -; 

In a manner after Example 16 where the acid iodide is 
desired, 4-cyanoper?uorobutyryl chloride is treated gtvith 
excess ?nely divided anhydrous calcium iodide, and the 
4-cyanoper?uorobutyryl iodide is then recovered by dis 
tillation. "F 

Although this invention has been illustrated by citing 
speci?c details of given species embraced within the ‘scope 
of the invention, it is to be understood that various modi 
?cations Within the invention are possible, some of which 
have been referred to above. 
For instance, w-cyanoper?uoroetheralkanoyl halides 

may be made. These compounds have the formulae: 

ll 

Nowmmrloorox 
z 

and 

where s is an integer of from 0 to 12, X is selected from 
the group consisting of chlorine, bromine, iodine, and 
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10 
?uorine, and Zv is selected from the group consisting'of 
?uorine. and tri?uoromethyl (CB3), ' ~ " 

where p is an integer of from 2 to 12, and X and Z are 
as de?ned above, - 

No(oraromowr‘ortohorrilx 
* ‘ l, .. ,7‘. ' 

and _ 

uoomoorltllmyoomomhox 
z z ' 

where y is an integer of from 0 to 100, and s, X and Z 
are as de?ned above, 

N00F(co-F20awoken)powrcrzopoFiix I 

where v plus I is an integer of from'outol' 100, and 
andZare as de?ned above, and'. ' ' " " ' 

whereXis as de?nedabove. 1' ‘ ‘ > ' _ ‘ 

Illustrative compounds embraced by this'jpro'ces's are: 

H 
NC (0 F2)40 CF20 c1 

H 
NC 0 F20 (0 F950 0 F2001 

o 

ll 
NC 0 F20 F20 C F2C F20 Cl 

and 

II NCCFzCFzOCFzCFgCBI‘ 

Other compounds embraced by this process are w-cyano 
per?uoroalkanoyl halides of branched per?uoroalkane 
dioic acids such as the following examples: 

0 

NCCFgC FzcFcFggcl 
zFs 

and 
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What is claimed is: 
1. A process for the preparation of omega cyano per 

?uoroalkanoyl halides of the formula 

/CN 
C——X 
ll 
0 

wherein a is from 1 to 12, and X is selected from the 
group consisting of chlorine, bromine, iodine and fluorine, 
which comprises decomposing at a temperature of from 
about 100° centigrade to about 200° centigrade in the 
presence of a Lewis acid as a compound of the formula 

CN 
/ 

(017g. 
?on 
0 

where R is selected from the group consisting of polyhalo 
lower alkyl and polyhalo benzyl wherein said polyhalo 
has at least 2 chlorine atoms on the carbon atom adjacent 
the oxygen inthe oxycarbonyl group, and the halogen is 
selected from the group consisting of chlorine and flu 
orine, and recovering the product so produced. 

2. The process of claim 1 wherein the Lewis acid is 
ferric chloride. 

3. The compound of claim 1 wherein the Lewis acid is 
zinc chloride. 

4. The process of claim 1 wherein the Lewis acid is 
"zirconium tetrachloride. 
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30 

5. The process of claim 1 wherein the Lewis acid is 
antimony pentachloride. 

6. The process of claim 1 wherein R is trichloromethyl 
and a is 3. 

7. The process of claim 1 wherein R is tr'ichloromethyl 
and a is 4; 

8. The process of claim 1 wherein R is trichloromethyl 
and a is 8. r 

9. The process of claim 1 wherein R is tetrachloroethyl 
and q is 3. 

10. The process of claim 1 wherein R is trichloromethyl 
and a is 6. 
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